Introduction
Subarachnoid hemorrhage from ruptured intracranial aneurysms is associated with significant morbidity and mortality and has prompted interest in the repair of unruptured aneur ysms. The life-threatening and debilitating sequelae of subarachnoid hemorrhage of ruptured intracranial aneurysms may be prevented if the aneurysm can be occluded before rupture. Autopsy series from Europe and North America report a prevalence of cerebral aneurysm around 0.2 to 9.9%. The overall annual rupture rate of cerebral aneurysms from most of the large studies is 1 to 2% per year. 1 Great effort has been made in determining aneurysms at a higher risk of rupture because of risks associated both with their rupture and repair as well. The aim of this study was to Keywords ► subarachnoid hemorrhage ► aneurysm ► unruptured
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Great effort has been made in determining aneurysms at a higher risk of rupture because of risks associated both with their rupture and repair as well. The aim of this study was to determine the most common size of ruptured aneurysms in our patient population with ruptured intracranial aneurysms and to review the literature whether there is a critical size and a specific location at which the incidence of rupture of intracranial aneurysm increases. A retrospective analysis of patients with ruptured intracranial aneurysms admitted in a tertiary care hospital in Northern India between January 2011 and December 2014 was done, and size and location of all ruptured aneurysms were recorded. We stratified the incidence of hemorrhage across the following aneurysm size categories: small (10 mm or less), medium (10-15 mm), large (15-25 mm), and giant (> 25 mm). Our review included 265 patients with ruptured intracranial aneurysms in which 324 aneurysms were identified. In this series, 87.10% (231/265) of the patients had ruptured aneurysms sized less than 10 mm, and 190 out of 265 patients (71.6%) had ruptured aneurysms which were less than 7 mm. Most ruptured aneurysms were found on the anterior communicating artery (39.6%). Our study suggested that we need to recommend surgical treatment for even small unruptured aneurysms with irregular shape, especially anterior circulation aneurysms. Most intracranial aneurysms that are located at the anterior communicating artery and middle cerebral artery bifurcation are small and have high chances of rupture and should be considered for treatment.
determine the most common size of ruptured aneurysms in our patient population with ruptured intracranial aneurysms and to review the literature whether there is a critical size and a specific location at which the incidence of rupture of intracranial aneurysm increases.
Materials and Methods
A retrospective analysis of patients with ruptured intracranial aneurysms admitted in a tertiary care hospital i n No r t h e r n I n d i a b et we e n J a n u a r y 2 0 1 1 a n d December 2014 was done. Size and location of all ruptured aneurysms were recorded. An approval by the institutional review board was taken.
For the size assessment, we used the maximal size of a given aneurysm. The size was measured on threedimensional computed tomography angiography. In patients with multiple aneurysms, the aneurysm that ruptured was determined with the help of standard radiological and clinical methods, such as patterns of blood on a computed tomography scan; the relative size, site, and presence of loculations on an angiogram; and in some cases, the operative findings.
We stratified the incidence of hemorrhage across the following aneurysm size categories: small (10 mm or less), medium (10-15 mm), large (15-25 mm), and giant (> 25 mm).
Results
Our review included 265 patients with ruptured intracranial aneurysms in which 324 aneurysms were identified. A total of 223 patients were harboring a single aneurysm, while 42 had multiple aneurysms. A relatively large percentage of patients harbored multiple aneurysms. In patients with multiple aneurysms, the clinical and radiological information was considered, and a judgment of the most likely source of hemorrhage was made.
The mean ruptured aneurysm size was 6.39 mm. Ruptured aneurysms were most likely in the region of 2 to 5 mm (45.20%), followed by 5 to 10 mm (41.13%). In this series, 87.10% (231/265) of the patients had ruptured aneurysms sized less than 10 mm. Also, 45.20% (120/265) of the patients in our series had ruptured aneurysms sized less than 5 mm but more than 2 mm. Two patients (0.75%) had ruptured cerebral aneurysm sized less than 2 mm. A total of 25 patients (9.4%) harbored aneurysm between 10 and 15 mm, 5 patients (1.8%) between 15 and 25 mm, and 4 patients (1.5%) harbored aneurysm greater than 25 mm (►Table1).
For the location of the diagnosed ruptured aneurysm, 105 instances were on the anterior communicating artery (39.6%), 47 were on the middle cerebral artery bifurcation (17.7%), 24 on the posterior communicating artery (9.05%), followed by 18 aneurysms located in the distal anterior cerebral artery (6.7%), while 8.3% occurred in posterior circulation (22 cases). Posterior circulation aneurysms included basilar top (14 cases), vertebral artery (6 cases), anterior inferior cerebellar artery (1 case), and posterior inferior cerebellar artery (1 case). Other locations included anterior choroidal artery (20 cases), internal carotid artery bifurcation (9 cases), cavernous sinus, internal carotid artery (9 cases), an M1 segment of middle cerebral artery (5 cases), an M2 segment of middle cerebral artery (3 cases), A1 segment of anterior cerebral artery (2 cases), and paraclinoid internal carotid artery (1 case).
Mean size of ruptured anterior communicating artery aneurysm was 5.55 mm, posterior communicating artery aneurysm was 6.32 mm, distal anterior cerebral artery aneurysm was 4.35 mm, and middle cerebral artery bifurcation was 7.06 mm. While the mean size of ruptured internal carotid artery bifurcation aneurysm was 7.52 mm, cavernous internal carotid artery aneurysm was 8.23 mm and basilar top aneurysm was 6.07 mm. In this series, 42 patients had multiple aneurysms and harbored a total of 101 aneurysms.
Discussion
Intracranial aneurysm size continues to be an efficient and widely used measure for aneurysmal rupture risk assessment. Currently, aneurysmal risk assessment is mainly based on aneurysm size, that is, smaller aneurysms are less likely to rupture than larger aneurysms.
Multiple studies have attempted to determine the critical size at which aneurysm is likely to rupture, but there is great disagreement in the literature regarding a critical size for rupture of intracranial aneurysm. Some studies emphasize that besides aneurysmal size, other factors such as aneurysm location and multiplicity should also be considered for treatment of unruptured intracranial aneurysms. Size remains the most significant factor of these to stratify the risk of rupture of intracranial aneurysms.
Weir et al in a retrospective analysis of 945 patients with intracranial aneurysms noted that the mean size of all unruptured aneurysms was significantly smaller than the mean size of all ruptured aneurysms (10.8 mm). Their data confirmed that ruptured aneurysms are usually larger than unruptured aneurysms, and the majority of unruptured aneurysms were smaller than 10 mm. They also noted that 40.3% of the ruptured aneurysms were on the anterior cerebral artery or anterior communicating artery and none of the cavernous internal carotid artery aneurysms were ruptured.
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A prospective study of 5,720 patients with newly diagnosed aneurysms from Japan concluded that cerebral aneurysms larger than 7 mm, located in the anterior c o m m u n i c a t i n g o r i n t e r n a l c a r o t i d -p o s t e r i o r communicating arteries and with a daughter sac, are associated with an increased risk of rupture. 3 In a systematic review, Rinkel et al found out that large majority of aneurysms are small (<10 mm), and the annual risk of rupture of these small aneurysms is low while symptomatic aneurysms, posterior circulation aneurysms, and large aneurysms (>10 mm) had a higher risk of rupture.
4
A prospective study from Finland that followed 118 patients with unruptured intracranial aneurysms until death or subarachnoid hemorrhage found out that the patients with unruptured intracranial aneurysms of 7 mm or more in size had an increased risk of a lifetime subarachnoid hemorrhage, particularly among women, compared with the patients with smaller unruptured intracranial aneurysms.
5 A study analyzing risk-benefits of treatment of unruptured intracranial aneurysm concluded that in patients with incidental anterior circulation aneurysms under 7 mm in diameter repairing the aneurysm brings a slight reduction in life expectancy at all ages; while in all patients with additional aneurysm and those with incidental aneurysms 7 mm or more in diameter or of the posterior circulation, life years are gained by repair up to the age of 45 to 65 years. 6 Howsoever, in our series, only 34 patients (12.8%) had aneurysm size greater than 10 mm. In this series, 190 out of 265 patients (71.6%) had ruptured aneurysms, which were less than 7 mm. Also, the most common location for ruptured aneurysm was anterior communicating artery (39.6%). There is a striking mismatch between our data and the natural history of unruptured intracranial aneurysms as found by the International Study of Unruptured Intracranial Aneurysms (ISUIA) in terms of size of ruptured cerebral aneurysms. Ruptured aneurysms less than 7 mm located in the anterior circulation constitute the majority of all ruptured intracranial aneurysms found in our retrospective analysis, but unruptured aneurysms less than 7 mm located at the anterior circulation bear a risk of rupture of 0% according to the prospective ISUIA data. 7 Out of 105, a total of 80 ruptured anterior communicating artery aneurysms (76.1%) were smaller than 7 mm in our series. Komotar et al in 2008 reported that taking 5 mm as the cutoff for treatment will ensure that 99% of all aneurysms that should be treated will have treatment offered. It also concluded that small, incidental aneurysms less than 5 mm should be managed conservatively. 8 In our study, mean size of ruptured aneurysms according to their locations were 5.55 mm in the anterior communicating artery, 6.32 mm in the posterior communicating artery, and 4.35 mm in the distal anterior cerebral artery. Out of the 47 patients, 31 patients (65.95%) with ruptured middle cerebral artery bifurcation aneurysms had size less than 7 mm. These results contradict the ISUIA results that small aneurysms are safe. Forget et al in a review of 362 cases of cerebral aneurysms found that regardless of location on the circle of Willis, 85.6% of all aneurysms presenting with rupture were less than 10 mm. They argued that the risk of rupture of small intracranial aneurysms is not insignificant, especially those of anterior communicating artery. They also discussed histological and angiographic evidence and refuted the explanation that aneurysms shrink after rupture and hence yield small diameters after rupture. 9 Beck et al in an analysis of the size and location of 155 saccular intracranial aneurysms in 118 consecutive patients, with the help of three-dimensional rotational angiography, noted that the majority of ruptured aneurysms, 81.9 and 59%, were smaller than 10 and 7 mm; likewise, 81.9 and 68.1% of unruptured aneurysms were smaller than 10 and 7 mm and the difference between two groups was not significant. They concluded that small aneurysm (below 7 mm), also in the anterior circulation, should be carefully evaluated for treatment.
10
Al-Jehani et al in a retrospective analysis of 192 patients harboring 213 aneurysms noted that the majority of the diagnosed ruptured aneurysms were smaller than 10 mm and concluded that decision to treat a given unruptured intracranial aneurysm should be individually assessed and not taken from general international literature as this may mistakenly apply factors from one population to another.
11
Orz and AlYamany in a study stated that out of ruptured 76 aneurysms, 47 aneurysms (62%) were smaller than 7 mm in diameter, and the ruptured anterior communicating artery aneurysms less than 7 mm in diameter were much more common than aneurysms at any other location indicating that the anterior communicating artery is the most dangerous site for aneurysm rupture.
12 In this study, 105 patients out of 265 patients (39.6%) had their ruptured aneurysms located at the anterior communicating artery as compared with other sites. Rosenørn and Eskesen in Danish Aneurysm Study found that out of 948 ruptured aneurysms verified by angiography, 162 ruptured aneurysms were smaller than 5mm, 474 and 272 were between 5 and 10 mm and 11 and 24 mm, respectively. The study concluded that a critical size for unruptured intracranial aneurysms below which there is a benign prognosis cannot be defined because if an intracranial aneurysm ruptures, the consequences are very serious with high mortality and morbidity, also after rupture of the smaller aneurysms. 13 Tremmel et al in a study suggested that the absolute size of an intracranial aneurysm is less relevant to the d e v e l o p m e n t o f d a n g e r o u s i n t r a -a n e u r y s m a l hemodynamics than is the relationship between intracranial aneurysm size and parent vessel caliber (quantified by aneurysm to parent vessel size ratio). The study concluded that higher size ratio, irrespective of aneurysm type and absolute aneurysm or vessel size, gives rise to flow patterns typically observed in ruptured intracranial aneurysms. 14 Rahman et al in a prospective study of 40 consecutive patients with intracranial aneurysms stated that ruptured intracranial aneurysms are larger than unruptured intracranial aneurysms, but size alone may not take into account additional characteristics or hemodynamics that may increase rupture risk. They concluded that size ratio, the ratio between aneurysm size and parent artery diameter correlates with an intracranial aneurysm rupture status on presentation in a blinded analysis. 15 Weir et al in a study highlighted the significance of aspect ratio (dome/neck ratio) and stated that high aspect ratio might reasonably influence the decision to treat actively an unruptured aneurysm independent of its maximum size. 16 An aneurysm with larger aspect ratio is much more likely to rupture as compared with aneurysm with smaller aspect ratio, even if both have the same maximum diameters. A multicentric study from Japan studying the natural course of aneurysms in 181 cases with 209 aneurysms concluded that the risk of rupture and morbidity in relation to surgical treatment cannot be predicted by size alone and the morphology, especially the presence of blebs, should be considered when treating unruptured cerebral aneurysms.
17
The role of hemodynamic forces in the initiation, growth, and rupture of cerebral aneurysms have been studied in numerous experimental models and clinical studies. Cebral et al constructed computational fluid dynamics model using three-dimensional rotational angiography imaging data and postulated that simple, stable pattern, large impingement regions, and large jet sizes were more commonly seen with unruptured aneurysms. 18 Another qualitative hemodynamic analysis of cerebral aneurysms by using image-based patient-specific geometries by Cebral et al concluded that concentrated inflow jets, small impingement regions, complex flow patterns, and unstable flow patterns were correlated with a clinical history of aneurysm rupture.
19
The limitations of this study include its retrospective nature and a subjective bias in determining aneurysm dimensions.
Conclusion
Our study suggested that we need to recommend surgical treatment for even small, unruptured aneurysms with irregular shape, especially anterior circulation aneurysms. The decision to treat a given unruptured intracranial aneurysm should be individually assessed and not taken from general international literature. The majority of the intracranial aneurysms that are located at the anterior communicating artery and middle cerebral artery bifurcation are small and have high chances of rupture and should be considered for treatment.
